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I (57) Abstract 

A vaccine for in ovo vaccination against avian coccidiosis produced 
by a method including obtaining the coccidial oocysts from a fecal 
suspension, homogenizing the fecal suspension, separating the oocysts 
from the fecal debris by either salt flotation using sodium sulfate or 
gas flotation usmg air, sporulating the oocysts using hydrogen peroxide 
and air sparging, bleaching the sponilatcd oocysts, washing the bleached 
oocysts, concentrating the sterile washed oocysts and combining the 
concentrates of various species of coccidial oocysts, and producing a 
vaccmc. The method in whole or in pan can be applied to other kinds of 
encysted protozoa to produce vaccines for various types of animals. 
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Method For Thft Porificatton. Recovery And Snnn.i.Hnn r y sts And nr^ .^. 

Background of the InvunK^ n 
This invention relates generally to methods for the purification, recovery and 
5 sporulation of encysted protozoa for use In the producdon of vaccines. Protozoa are pathogens 
known to attack the gastrointestinal tract of the host In a situation where the host has a weak or 
suppressed immune system, such as very young, very oW. and immuno^mpromised hosts 
-nfection may be fatal. Such a loss can translate into an economic loss as well. Protozoa are' present 
m the environment in a relatively stable cyst fbmi. also tem,ed an oocyst when the protozoa is a 
10 sporozoa. Upon Ingestion into the host, the encysted protozoa responds to the conditions of the 
gastrointestinal tract and infects the host 

In order to prevent or alleviate the problem of these diseases, non-in-ovo vaccines 
have been developed. These vaccines typfcally expose the host to a low level of the protozoa in 
order to develop Immunity in the host without causing disease. Such vaccines include a vaccne 
aga.nst avian coccidiosis caused from any one of a number of species of coccidia (U.S. Patent No 
5.055.292), a vaccine for cats against toxoplasma (U.S. Patent No. 5.045. 313). and vaccines for 
p.gs and other Oiminants (U.S. Patent No. 4.808.404). These vaccines are only partially effective 
because they must be given by gavage or applied to the water or the food of the animal. Gavage is 
.neffecuve because it requires manual vaccine introduction. Also, many chicks die due to handling 

Adding the vacane to the food or waterls also ineffective as young Chicks eat little directly after 
hatching; therefore, disease control Is delayed. The result is less rapid weight gain and a tongertime 
to reach market weight 

In order to produce the vaccine, a supply of adequately purified encysted . protozoa 
must be Obtained. Current separation and recovery techniques employ corrosive, hazardous toxfc 
materials. Measures must be undertaken to compensate for these materials such as extensile 
washing operations to remove these materials which results In low product yield. The typical method 
Of Obtaining the enqrsted protozoa includes obtaining a source of encysted protozoa, such as the 

.ntestines or feces of infected animals. The intestinal matter or fecal matterneeds to be separated 
from the encysted protozoa, and a flotation method is used. Heavy media flotation or sedimentation 
processes have been used where the heavy media is sodium chloride (U.S. Patent No, 4 863 731) 
or sucrose (U.S. Patent No. 5,068.104). The heavy media is used in an aqueous mixture 
Unfortunately, the use of aqueous mixtures of the heavy media can have adverse effects For 
example, aqueous mbctures of sodium chtoride can lead to severe equipment corrosion. 

Before the encysted sporozoa can become infective, the separated oocysts must be 
sporulated by mild oxidation. Mild oxidation is accomplished by either placing the suspension on a 
Shaking table or bubbling air through the suspension of the oocysts. Potassium dichromate is 
typically employed to suppress any unwanted microbial growth during sporulatfon. But. potassium 
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A final bleaching step using sodium hypochlorite is us dto limino* 
organic material and undesiredmirmo™. ■ ^ "'omeisus dto liminat any remaining 
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another em»»diment. the bleaching is conducted concurrently with the sporulation. and the bleaching 
agent is hydrogen peroxid . yet another err,bodiment. the bleaching agent is sodium hypochlorite 
present In an amount from about 5.000 to about 10.000 parts per million free available chlorine 
ozone present in an amount up to about 3% in air. and combinations thereof. 

This method may further Indude washing the bleached oocysts by cross-flow 
membrane filbabon to decrease the residual bleaching agent concentration to an acceptable level 
In yet another embodiment, the bleaching agent is sodium hypochlorite present after washing in a 
concentration sufficient to suppress residual microbial growth, and the bleached and washed oocyst 
suspension has a concentration from about 1 x 1 0« to about 2.5 x 10» oocysts/ml. a maximum solids 
s« of less than about 200 microns, and sodium sulphate present in an amount sufficiently low to not 
mterfere with the viability and infectlvity of the cysts or oocysts, preferably less that about 3 percent 
more preferably less than about 0.9 percent. This method may further include concentrating the ' 
bleached and washed oocysts into a sterile concentrate, combining sterile concentrates of one or 
more species of oocysts into a combined concentrate, and packaging the combined concentrate 
> under sterile conditions. 



Brief Descriptin n Of The Drawtng c 

Fig. 1 A is a flow chart illustrating embodiments of a first portion method of the 
present invention; 

Fig. IB is a flow chart illustrating embodiments of a second portion method of the 
present invention; 



and 



Fig. 2 Is a plot showing oocyst concentration verses sodium sulfate concentration; 
Fig. 3 is a plot showing sporulation percent verses time after cyst harvest 



Detailed Descriptinn nr The Inventlnri 
The present method is directed to producing a concentrate of cysts or sporulated 
oocysts to be utilized in a vaccine. Specifically, the method is directed to producing a concentrate of 
sporulated avian coccidla. oocysts to be used to produce an In^vo vaccine against coccidiosis. The 
producOon of a suitable and acceptable vaccine requires a multi-step treatment process constituting 
a plurality of unit processes. As shown in Figs. 1A and 1 B. the vaccine production pmcess can 
«.clude talcing a suspension of encysted protozoa, homogenizing the suspension, separating the 
encysted protozoa from the suspension by either salt flotation or gas flotation, sporulating the 
encysted protozoa if required, bleaching the sporulated encysted protozoa, washing the bleached 
product, concentrating the encysted protozoa, combining the concentrates from multiple encysted 
protozoa, and sterile filling to praduce a vaccine. These steps are described in further detail below 

Encysted protozoa, which includes cysts and oocysts, may be obtained from various 
sources including purified suspensioms. intesUnal linings, and fecal suspensions. Especially when 
the encysted protozoa are obtained from feces, the suspensions or slurri s can include significant 
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amounts of undesirable suspended solids. For example, the suspensions can include from about 1 
up to about 20 weight percent s lids r feces. Preferably, the suspension includes from about 5 to 
about 20 weight percent solids when salt flotation te used and about 1 weight percent when gas 
flotation is used. In rdertolib rateth cysts from th associated organics in the suspension, the 
suspension may be subjected to a homogenization step. The suspension may be homogenized for 
a lime period from about greater than 0 to about 5 minutes, preferably 1 minute depending upon the 
intensity of the homogenization. The homogenization conditions should be sufficiently intense to 
liberate the cysts and oocysts but gentle enough to prevent their destruction. 

The encysted protozoa need to be separated from this first suspension, preltorabiy to 
achieve at least about 70% encysted protozoa recovery and at least about 80% solids rejection. 
Typically, this results in an encysted protozoa concentration of about 1x10* to about 1.5x10» 
encysted protozoa/ml. Separation can be achieved by either a salt flotation process or a gas 
flotation process. 

When a salt flotation process is used, an admixture of the unpurified encysted 
protozoa and the salt is prepared. Suitable salt solutions include dense solutions of water soluble 
salts .ncluding chlorides, sulfates, phosphates, nitrates, and acetates of ammonium, sodium 
potassium, calcium, magnesium, and zinc. Suitable highly hydrogen-bonded organics including urea 
and the salts of guanidiene. Preferably, the salts include sodium sulfate, sodium chloride 
magnesium sulfate, magnesium chloride, calcium chloride, and mixtures thereof. More preferably 
the salt is sodium sulfate. These salts provide the benefit of being significantly less corrosive to the 
process equipment The salt is added in an amount sufficient to produce a difference between the 
specrfic graviUes of the encysted protozoa and the admbrture. Preferably, the specifie gravity of the 
encysted protozoa will be less than the specific gravity of the admixture. The salt is present in an 
amount from about 3 to about 30 weight percent, preferably about 1 4 to about 20 weight percent, 
more preferably about 20 weight percent. 

The admixture is then subject to centrifugaUon and the supematant and concentrate 
are collected. Depending upon the admb(ture conditions, the encysted protozoa can be contained In 
the supematant or the concentrate. The admbdure is centrifuged at about 3000 to about 15 OOOg 
preferably 12,000g for a period of time necessary to adequately separate the encysted pnrtozoa ' 
typK^lly up to about 1 0 minutes. For a 20% sodium sulfate solution, the encysted protozoa wiU be 
contained in the supernatant; therefore, the supernatant is collected and the concentrate or pellet is 
dieted to waste. As shown in Fig. 2. a sodium sulfate concentration of 20% provides for a high 
concentration of encysted protozoa (oocysts in this case) in the supematant (product) and only a 
small amount of encysted protozoa in the pellet (waste). A dilution is torwed by the addition of water 
to the recovered supematant. The supematant is diluted suffidendy so that the specific gravity of 
the encysted protozoa is more than the specific gravity of the dilution. Therefore, the encysted 
protozoa will tend to settle in the dilution. For a sodium sulfate concentration of 20%. the ratio of the 
weight of the dilution to the weight of the supematant is from about 4 to about 8 
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The dilution is then centrifuged fora second time under comparable centrifugalion 
conditions as in the firet centrifugation. such that the residual salt concentration is less than about 10 
weight percent, preferably less than about 1 weight percent, and th r suiting cyst concentration is 
about lO' to 10» cysts/ml representing about 60 to about 95 percent recovery. The solid debris 
rejection rate is preferably about 90 to about 99 percent In this embodiment, the encysted protozoa 
are recovered from the concentrate and the supernatant is diracted to waste. 

In another embodiment, separation of the encysted protozoa is accomplished by a 
gas flotation process. Preferably the gas is air. although any gas including oxygen and nitrogen 
could be used. When gas flotation is used, the pH of the suspension is adjusted to a pH sufficient to 
affect adhesion between the gas bubbles In the suspension and the encysted protozoa by changing 
the surface chemistry of the encysted protozoa. The pH is typically adjusted to a pH of about 2 to 
^ut 9. preferably about 2.5 to 3.5. more preferably about 3. 

The pH adjusted suspension is additionally conditioned by the addition of a surface 
active agent compound, sometimes referred to as a collector compound and a heteropolar 
compound, sometimes referred to as a frother compound. The surface active agent compound, also 
termed a selective detergent, wetting agent, or emulsifier. is added in an amount suffident to 
promote contact between selected solids and the gas bubbles by forming a thin coating over the 
particles to be floated, rendering these particles hydrophobic, while not coating other particles 
Therefore, through selection of the surface active agent compound, the particles to be floated can be 
detemiined. Thereforo. the encysted protozoa could be collected in a gas flotation process In which 
they are floated or in a reverse flotation process in which the solids to be removed are floated. 
Suitable surface active agents include a sodium salt of long-chain alkyi hydrogen sulfate, a 
quaternary ammonium compound, a blend of a fatty ammonium acetate and 2-ethylhexa,iol, an 
ester/amide compound, an alkyloxy polyethylenoxyethanol. and mixtures thereof. Preferably, the 
surface active agent ebmpound is sodium lauryl sulfate. The surface active agent should be present 
m an amount sufficient to coat the particles to be floated. The surface active agent is prosent in an 
amount from about 0.5 to 2 lb per ton of solids in the conditioned suspension, preferably 0.5 lb per 
ton of solids. Altematively. the surface active agent compound can be about 0.5 lb dodecyl amine 
per ton of solids which has been addified with hydrodiloric add untU a neutral pH is obtained, or 
about 0,5 lb potassium salt of oleic acid per ton of solids. 

The heteropolar compounds are selected for their ability to diange the surface 

tension Of the water and produce stabtefrt«hs.Typlcally.these heteropolar compounds contain one 
or more hydrocart,on groups attached to one polar group, with the hydrocarbon radical having 
upwards of 5 or 6 cart,on atoms. Suitable heteropolar compounds include amyl and butyl alcohols 
terpinols, cresols. and mixtures thereof. Preferably, the heteropolar compound is methyl Isobutyl 
cartJinol (MIBC) also referred to as methyl amyl alcohol and most accurately referred to as 4- 
methylpentanol,-2. The heteropolar compound is present in an amount suffident to produce a stable 
froth. Preferably, the heteropolar compound is present in an amount up to about 2.0 lb per ton of 
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sofi^^^re preferably fh,m about 0.5 to 2.0 lb per ton ^ 

The conditioned suspension is passed through a gas flotation cett and the encyst d 
protozoa are recovered. Depending upon the pH. sur,^ acdve agent compound, and hetercpoter 
5 compound selected, the encysted protozoa may be floated or retained in suspension. Preferably 
the encysted protozoa are floated. The gas flotation process is conducted for a period of time and at 
an a,r flow rate suffident to recover about 20 to 1 00 percent, typically about 85 percent of the 
encysted protozoa while r^ecUng about 20 to 90 pen»nt. typically 70 percent of the solid debris 

10 ^ZT'^"": T" ' 3 minutes to greater than about 

10 lOmnutes. preferablyabout10minu.es. The gas flow rate in the air ftota«on cel. is about 0 25 to 
atout 1 . 1 volumes of gas per volume of solution per minute f W). preferab^ about 0.25 to about 
0 83 wm. more preferably about 0.25 to about 0.75 wm. The gas flotation cell may Include a 

un^ ''-^'"y.theflotationunitsaregasflotationcolumns. Thegasfiowratelntheseria, 
ofefon un^ts may be the same or different Preferably the gas flows are different, fer example about 

di:™^"^'^^'^'"^-'^^^^^^ 

When the encysted protozoa are oocysts or encysted sporozoa. the oocysts are 
spor^feted. As is shown in Rg. 3, sporulation should occur as soon after harvestng the oocysts as 
20 possible. PreferabV.theoocystsshouldbesporulatedw^inadaysafterharvest Anaqueous 

ae.te f.apenod Of ^mesufflclenttosporu^fethe oocysts. ,fasa.ftofe«onp^^ 
separate the oocysts, then the sal, concentra«on during sporufetion should be fess than about 10 
we.g ht percent. preferabV less than about 2 weight percent, more preferably less than about 1 
we.ght percent Pr^rab^. the cyst concentration during spoliation is about 10^ to about 10« 
«^sts/ml. more ,refe^^ about 10* oocysts/mt The oocysts should be sporulated «.thin about 1 
to24 hours after «co..,y Of the purified cyst concentrate. 7.e pH of the aqueous suspension 
Should beabout5.0to7.0.prefe,ab,about5.2te6.e. The temperatureoftheaqueoussuspension 

suL^r.o^r^ ' ' about 0.1 to about2.0wm. Overall. theag«a«on level should be 
suffiaent.oft,l,y,„spend^,sol«lsduringspo,..a«onbutnotenoughtodestroytheoocysts This 

exm.e..Hes.rnngshouldbesuf,«ienttoke^ 

^d^troythec^stsoroocysts. Su«ab,e stirring in a 6 inch dferpetervesse. can occur at about 12 
io 204 rpm. preferably about 197 to 200 rpm. more preferably about 200 rpm. 7T,e dissohredoxyg n 

ao^ofthesaturationconcentrationatthegiventemperature. The time period for sponrlation can be 
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requfrtsizeolBieeiiulpmeiil ""naname 

" »aa„., V, /'**'^''^'*"'""'^''»''»«''S«»'»«a««f.M«.». 
~-an,«^„,„a=c.p.«,,,v«.„rt»^p^^„^^J„ 

,.e ^ ,„ a»p. Wash., ™y Pe acc™p,».e^ P, sarta, waa«„,a. p^ 

0 ™™"-'«*'««=«"9lh,pa,s,,.o,».„.c,«a»„,^^„^^^^ 

»P»P.30p..p,<*raP«,aPoa,20,oabou,25pai.ac.»,»«™K««,o.«,to«o«,0™» 
P^aPc««a,a«,.„«^,,^™^^„,^^^^,„^^^ 

-««™.-g««pa»,.Fm.»«a«am«,„,c,,b,.a**«,g.„,,,a«,a,.^^^™'" 
^^,M»,anpa„^,_,.„,^^„,^,^^^J^» J^'^ 

•m •*«>9«"te.cco„,p,islKip,«,wse«al«,al,ia9„ife,;„»„ 
"cW«P»ttz..«»p.™^..„,^,,,^^^_^^^^^^^ 
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m^tt,^sst^^^,Sa.,^„,.sss,con^ of .ess «,a„ about 0.9 percent a fre residua. 
ch.onneconcen.ra.onof. ss than abou. 1 mgfl bu. suffiden. to Keep.residua. microbial ga«wh 
suppr ssed, and a cyst concen.rafon of about 1 x 10« to 2.5 x 10» cysts/ml. 

When numereus encysted protozoa or different species of one genus of encysted 
^tozc^aretobeused^asingie vaccine. «,es.e.^^ 

combhed mto a single sterile concentrate. For example, the encysted protozoa can be avian 
acedia, oocysts including Bn^ns n,a.>me, Bme,a m.Us. Ein,ens tene.le, E.n,ene scervu,ln. 

anTa^prr^""""""^'"^^ 

^ and for hun«ns. This me«,od could, in fact be used to immun^e humans against J^^^cal 
waterbome pa,tozoa such as Oyptospo^d/un, and G/arcffa ,an,W/a. Moreover, even though 
ent..recove,y process is described, unit prc«essesthe,«of may be us«^ 

.ootHer..veo,.mon«oring.ortreatmen.schemes^outd^^^^ 

the present invention. ^ 
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The CIglms 

What is claimed is: 



1. A method for the purification and recovery of encysted protozoa, comprising separating the 
encysted protozoa from a suspension comprising the encysted protozoa by a salt flotation process 
wherein the salt comprises sulfates, phosphates, nitrates, acetates of ammonium, sodium, 
potassium, calcium, magnesium, or zinc, hydrogen-bonded organlcs. the salts of guanidiene. or 
mixtures thereof, or a gas flotation process. 

2. The method of claim 1 . wherein separating the encysted protozoa Is accomplished by a sodium 
sulphate flotation process which comprises: 

preparing an admixture comprising the encysted protozoa and the sodium sulphate; 
centrifuging the slurry and recovering a supernatant therefrom; 
forming a dilution of the supernatant and centrifuging the dilution; and 
recovering the concentrate from the centrifuged dilution. 

3. The mixture of claim 2, further comprising: 

homogenizing the admixture by high intensity homogenization. 

4. The method of daim 2. wherein the sodium sulphate is present in the admixture In an amount 
from about 3 to about 30 weight percent 

5. The method of claim 2. wherein the specific gravity of the dilution is less than the specific gravity 
of the encysted protozoa. 

6. The method of daim 2, wherein the concentrate comprises from about 1x10^ to about 1.6x10^ 
encysted protozoa/ml. 

7. The method of claim 1 , wherein separating the encysted protozoa is accomplished by the gas 
flotation process which comprises: 

adjusting the suspension to a pH suffident to affect adhesion between bubbles of the gas in 
the suspenslori and the encysted protozoa; 

conditioning the pH adjusted suspension by adding a suffident amount of a surface active 
agent compound to selectively coat particles in the suspension and a suffldent amount of a 
heteropolar compound to produce a stable froth; 

passing the conditioned suspension through at least one gas flotation cell; and 

recovering the encysted protozoa from the gas flotation cell. 
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8. The method of daim 7. wherein th gas is air. 

9. The method of claim 8. wherein the suspension pH is atjout 2.5 to about 3.5. 

5 10. -T^-e method ofdaim 7. Wherein the surface acBve agent compound comprises a ^^^^^ 

long^ain aikyi hydrogen suifate, a quaternary ammonium compound, a btend of afalty ammonium 
acetate and 2-ethylhexanol. an ester/amide compound, an alkyloxy polyethylenoxyethanol or 
mixtures thereof. 

10 11. Themethodofclalm7.whereinthehetempolarcompoundcomprisesamylalcohols butyl 
alcohols, terpinols, cresote. or mixtures thereof. 

12 The method of claim 7. wherein .he gas flota^on cell has a gas rate from about 0.25 to about 1 1 
volumes of gas per volume of suspension per minute. 
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13^ Tl,ememod Of daim7wherein the gasflotation cell comprises at least two serial gas flotauon 



units, 



^^■^^'"^'hodofdaimia.whereintheatleasttwounitscomprisedifferentgasfiowrates. 
15. A method for the sporulaOon of oocysts, comprising: 

forming an aqueous suspension of theoocysU. with water and hydrogen peroxide, wherein 
the hydrogen peroxide is present in an amount suffident to eliminate unwanted microbiological 
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growth; and 

aerating the aqueous suspension to sporulate the oocysts. 



6. The method of claim 15. wherein the aqueous suspension is aemted for a time period greater 
than about 40 hou« such that the aqueous suspension during aeration has a dissolved oxygen level 

«-'-t^anabout80%ofthesa.„re«on,eve,atatemperetureofabout22.Ctoabout32T^^^^^^^ 
3 0 with an agitation level suffident to adequately suspend all the solids. 
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18. Amethod for the purification, recoven,. and sporulation of oocysts, comprising- 
separating the oocysts from a first suspension comprising the oocysts; and 
sporulating the separated oocysts by the method of daim 14. 
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19. Them thodof claim 18 wherein the oocysts are £«n ria maxima. EJn, riamitis. Bmeriaten 
Simariaaoennslina. Bmeria tnjneW. Bmerian oatrix. Eimeria praecox, or combinafions thereof . 

20^ The method of claim 18 wherein separa«ng the oocysts is accomplished by a sodium sulfate 
flotation process which comprises: 

preparing an admixture comprising the oocysts and the sodium sulphate: 
centrifuging the sluny and recovering a supernatant therefrom; 
fomiing a dilution of the supernatant and centnfuging the dilution: and 
recovering the concentrate from the centrihiged dilution. 

21. The method of claim 18 wherein separating the oocysts is accomplished by a gas flotation 

process which comprises: 

adjusting the first suspension to a pH of sufficient to affect adhesion between 
bubbles of the gas in the suspension and the encysted protozoa; 

conditioning the pH adjusted suspension by adding a sufficient amount of a surface 
a^e agent compound to sel^^^^ 
heteropolar compound to produce a stable froth; 

passing the conditioned suspension through at least one gas flotation cell; and 
recovering the encysted protozoa from the gas flotation cell. 

22. The method of claim 21 . further comprising: 

adding a bleaching agent to the sporulated oocysts in an amount sufficient to 
rnactivate residual microorganisms and eliminate residual organic matter; and 

bleaching the spomlated oocysts. 

1 ^ ^ =Porula«on 

and the bleaching agent is hydrogen peroxide. 

24. The method of claim 22. wherein the bleacWng agent is sodium hypochlorite present in an 
amount from about 5.000 to about 10.000 parts per million free available chlorine, ozone present In 
an amount up to about 3% in air. or combinations thereof. 

LIl' "tl!""^""''' ^^^^ "'e bleached oocysts by cress-flow 

membrene ««ret«,n to decrease the residual bleaching agent concentretion to an acceptable level. 

26. The memod of daim 25. wherein the bleaching agent Is sodium hypochlorite present after 
>^ .ng .n a concentretion sufficient to suppress residua, microbial growth, and .he bleached and 
washed oocyst suspension has a concentraton frem about 1 x 10- to about 2.5 x 10« oocysts/ml a 
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maximumsoBdssize f less than ab ut 200 mioons. and a sodium sulphate content flessthan 
about 0.9 percent 

27. The method of dalm 26 further comprising: 

concentrating the bleached and washed oocysts into a sterile concentrate: 
combining sterile concentrates of one or more species of oocysts into a combined 

concentrate; and 

packaging the combined concentrate under sterile conditions. 
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